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The production of scurvy by restriction of the ascorbic acid intake has been 
accomplished in only a few species.  The majority of animals do not develop 
scurvy, and indeed synthesize ascorbic acid.  A method has now been devised 
whereby a condition may be produced showing some of the characteristic signs 
of scurvy in mice and in cotton rats, two species which thrive on a diet devoid 
of ascorbic acid.  The condition can be produced in 100 per cent of the animals 
within a period of 1 week on the experimental diet. 
The inhibiton of growth by sulfanilamide and its reversal by the structurally 
related p-amino benzoic acid is now so well known as not to require comment. 
Following the original observations of Woods (1), others (2, 3) have demon- 
strated that certain analogs of other water-soluble vitamins inhibit the growth 
of certain bacteria.  In connection with some experiments now in progress in 
this  laboratory to  test a  theory of chemotherapy, it was  observed that the 
feeding of glucoascorbic acid,  1 (a homolog of ascorbic acid), caused a condition 
in mice with the characteristic symptoms of scurvy as seen in species susceptible 
to that disease. 
The harmful action of glucoascorbic acid was not prevented by large amounts 
of ascorbic acid.  However, certain natural foodstuffs were effective in count- 
eracting the  condition.  The working hypothesis which  is being explored in 
relation to this latter finding is that certain plant substances contain a  com- 
pound related to ascorbic acid in the normal course of its utilization, and that 
this substance is effective in overcoming the block to ascorbic acid metabolism 
caused by glucoascorbic acid. 
EXPERIMENTAL 
Basal  Ration.--A  highly  purified  ration  was  made  according  to  the  following 
formula: smn:cse 75 gm.,  vitamin-free casein  18 gm.,  salts  (4) 5 gin.,  fortified  corn 
oil enriched with vitamins A, D, E, and K (5) 1 gm., thiamin 200 "r, riboflavin  500 ~r, 
nicotinic acid 10 rag., pyridoxin 200 "r, choline 10 mg., inositol  100 rag.,  and  calcium 
1 Glucoascorbic  acid  is  2,3-enediol-d-glucoheptono-l,4-1actone and  hence  bears 
the  same  structural  relationship  to glucose  as  ascorbic acid  does to  xylose.  We 
wish to thank Dr. Phillip P.  Gray of Wallerstein  Laboratories for generous gifts of 
this acid and of sodium araboascorbate. 
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pantothenate 2 mg.  This ration is adequate for good growth of mice  (6).  Groups 
of 6 weanling  mice were  fed this  ration with  the supplements as  outlined  below. 
Whenever glucoascorbic  acid or ascorbic acid was used the rations were  mixed fresh 
daily in order to minimize oxidation of the rather easily oxidized  acids.  Also, when- 
ever these acids were added, enough sodium bicarbonate was included  to  neutralize 
the acid.  All mice were weighed once each week and external symptoms were noted 
each day. 
Effect of Glucoascorbic Acid in Mice.--When 10 per cent of glucoascorbic acid 
was added to the above ration, and the mixture was fed, a severe condition was 
produced  characterized  by  failure  of  growth,  diarrhea,  and  hemorrhage  as 
described below.  The condition was produced in 100 per cent of the mice, and 
resulted in death of all animals within 2 weeks.  5 per cent of the compound 
caused most of the changes seen with 10 per cent, but many animals (37 out of 
TABLE I 
Effect on Mice of the Feeding of Ascorbic Acid and Some of Its Analogs 
Addition to basal ration 
Material 
per cent 
10 
5 
2 
10 
5 
None 
Glucoascorbic acid 
Glucoascorbic acid 
Glucoascorbic acid 
Ascorbic acid 
Sodium araboascorbate 
No. of 
animals 
26 
14 
42 
3 
12 
6 
Average  change 
in  weight 
per  wk. 
gm. 
+3.5 
--2.0 
--1.0 
+0.7 
+0.8 
+1.2 
Symptoms 
None 
Severe 
Severe 
Very slight 
None 
None 
49) survived for 3 weeks.  With 2 per cent of the compound in the diet, growth 
was suboptimal but no other sign of disease was seen.  Representative data are 
shown in Table I.  The condition has now been seen in 171 mice. 
The sequence of events was as follows: On the 4th or 5th day of the experi- 
ment severe diarrhea was observed.  The feces became soft and then liquid; at 
the same time the normal black color changed to a  golden brown.  The anal 
region was irritated, for it became red and swollen.  As the changes progressed 
this  swollen area became very large.  At about the  7th  day extensive sub- 
cutaneous hemorrhage appeared, first on the chest, and then on the legs, taft, 
and sides, and in the gingiva, especially below the lower incisors.  These areas 
had a fiery red appearance.  At autopsy, after the 2nd week, the lungs, and the 
joints of the legs, and ribs were fiery red.  However the teeth did not become 
loosened.  Towards the end of the 2nd week when death was imminent the 
wrists and knees became swollen and the legs edematous.  A severely affected 
animal isshown inFig. 1.  X-rayexamlnation showed thattheboneswerepoorly 
calcified as compared to those of the control animals.  Occasionally animals D,  W,  W00LLEY  AND  L,  0,  KRAMPITZ  335 
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which had exhibited  the condition for more than 2 weeks developed alopecia 
on the head and  down the middle  of the back.  It was of interest  that  this 
alopecia affected only those parts which did not become hairless as the result 
of deficiencies  of inositol and pantothenic acid (6). 
The condition was produced in adult animals as well  as  in weanlings,  but 
more time was required to cause obvious changes in the adults.  Thus 6 adult 
mice required the feeding of 10 per cent of glucoascorbic acid for 13 days before 
these were noted, whereas the condition made its appearance within 1 week in 
all  weanling mice of a  group of 6 fed only 5 per  cent of glucoascorbic acid. 
The adults lost weight from an average weight of 27 gm. to 21 gm. and showed 
diarrhea  and  hemorrhage,  but  the  changes were  not  as  severe  as  in  young 
animals. 
Production of the Condition in Cotton Rats.--A similar condition was produced 
by feeding glucoascorbic acid to cotton rats.  8 weanling cotton rats were fed 
the same basal ration as was used for the mice and a  second group of 8 com- 
parable  rats  were  fed  the  basal  ration  plus  10  per  cent  glucoascorbic acid. 
Signs of the condition appeared in the second group within 5 days.  The rats 
showed hemorrhages in the gingivae, and diarrhea.  In a second experiment 10 
weanling cotton rats  were fed the basal ration and  10 were given 2 per cent 
glucoascorbic acid in addition.  No signs of the condition were seen in any of 
these animals during a period of 10 days. 
Spontaneous  Cure of Mice.--When 5 per cent glucoascorbic acid was added 
to the diet,  some animals did not die.  When these survivors were continued 
on the  ration  they began  to gain weight,  and  the  changes slowly regressed. 
Thus of 49 mice 37 survived and after an average of 16 days began to grow and 
exhibit  other signs of spontaneous  cure.  This  spontaneous  cure may be  re- 
garded as  the  establishment  in  the mice of increased synthetic power for an 
antagonistic substance (see below), or the establishment of some other detoxify- 
ing mechanism.  When the level of glucoascorbic acid in the ration was raised 
to 10 per cent, the mice again developed the condition. 
The condition was rapidly cured by omission of glucoascorbic acid from the 
ration.  Thus, 3 mice showing all the signs of it began to grow and appeared 
normal within 8 days from the  time of withdrawal of the glucoascorbic acid, 
while 6 control mice kept on the ration with glucoascorbic acid still  exhibited 
signs of the disease. 
Specificity  of the  Action  of Glucoascorbic Acid.--A  mere  alteration  of  the 
structure of ascorbic acid did not result  in  the production of the scurvy-like 
condition.  When 6 weanling mice were fed the purified ration plus 5 per cent 
of sodium araboascorbate,  1 none  of the  characteristic  changes was produced. 
This compound is the same as ascorbic acid except that the configuration about 
carbon 5 has been reversed. 
The condition was not due to the feeding of large amounts of a ketoaldonic D.  W.  WOOLLEY  AND  L.  O.  K.RAM:PITZ  337 
acid,  for  the  feeding  of  comparable  amounts  of  ascorbic  acid  produced  no 
changes beyond a  slight slowing of the rate of growth.  In a series of 2 experi- 
ments in which groups of 6 mice were used for each level of ascorbic acid in each 
set of experiments, it was observed that 10 per cent of ascorbic acid lowered the 
average weekly gain 2.7 gm., but did not cause any of the changes seen in mice 
fed glucoascorbic acid.  5 per cent ascorbic acid was without noticeable effect. 
Effect of Glucoascorbic Acid When Added to a Natural Ration.--When  10 per 
cent  glucoascorbic acid was added  to  Steenbock's stock ration,  2 and  the  re- 
sulting mixture was fed to a group of 18 mice, no signs of the condition were ob- 
TABLE  II 
Activity of Various Natural Products in the Prevention of the Condition Produced by 
Glucoascorbic Acid 
per cen~ 
10 
5 
2 
10 
10 
10 
10 
10 
10 
10 
10 
Addition to basal ration 
Material 
None 
Cerophyl 
Cerophyl 
Cerophyl 
Autoclaved cerophyl 
Ether  extract  of  cerophyl 
Ether  residue  of  cerophyl 
Whey 
Linseed  oil  meal 
Dried apples 
Fresh  cabbage  (blanched) 
Dried lemon  peel 
Average 
hange in 
weight 
per wk. 
gm. 
--1.0 
+3.8 
--1.0 
-1.4 
+2.2 
0.0 
+0.8 
--2.4 
--0.5 
--0.5 
+1.0 
+0.4 
Symptoms 
Severe 
None 
Moderately severe 
Severe 
None 
Moderately severe 
Slight 
Severe 
Moderate 
Severe 
Slight 
Moderate 
served within 3 weeks other than a slightly diminished rate of growth.  (Aver- 
age weekly gain 3.1 gm. compared to 4.9 gm. without glucoascorbic acid added 
to ration.)  Therefore it appeared that there was something in a natural ration 
which antagonized the action of glucoascorbic acid.  The experiments described 
below  will  indicate  that  this  protective  factor  is  neither  ascorbic  acid nor 
vitamin K. 
Failure  of Ascorbic Acid  to  Cure the Disease.--The  condition  was not pre- 
vented or cured by ascorbic acid.  When a group of 6 mice were fed the basal 
ration plus 5 per cent glucoascorbic acid and 5 per cent ascorbic acid all animals 
developed the characteristic changes as soon as the controls which received only 
5 per cent glucoascorbic acid.  Similarly, 12 mice fed 5 per cent glucoascorbic 
acid and 2 per cent ascorbic acid did no better than controls getting only the 
2 Composed of yellow corn meal 75 gm., milk powder 50 gm., casein 5 gm., linseed 
oil meal 16 gin., alfalfa leaf meal 2 gm., bone ash 0.5 gm., sodium chloride  0.5 gm. 338  A  SCURVY-LIKE, CONDITION  ]~ROM GLUCOASCORBIC  ACID 
glucoascorbic acid.  Injection of 1 rag. of ascorbic acid per day subcutaneously 
into each of 3 mice showing signs of the condition on a 5 per cent glucoascorbic 
acid diet did not produce cure within 10 days. 
The administration of 125 mg. per day of chloretone to 18 mice did not pre- 
vent the condition nor did chloretone cure mice suffering with it.  Chloretone 
is known to stimulate the synthesis of ascorbic acid to a large degree in rats (7), 
and it was hoped that it might antagonize the action of glucoascorbic acid by 
causing the production of ascorbic acid in situ in the mice. 
Since hemorrhage into the tissues was a prominent feature of the condition, 
and since a natural ration rich in vitamin K was protective against this latter, 
an attempt was made to prevent or to cure it by feeding 2-methyl-1,4-naphtho- 
quinone.  This was not successful, for 1 mg.  of the  quinone per day either 
prophylactically or curatively did not prevent the condition in 6  mice.  As- 
corbic acid plus the quinone or chloretone plus the quinone likewise failed to 
alleviate the changes. 
Prevention  of the  Condition  with Certain  Natural Products.--Various plant 
materials  were assayed for their ability  to prevent the  development of the 
condition by adding them to the purified basal ration plus 5 per cent of gluco- 
ascorbic acid and noting the effects of these rations when fed to mice.  The 
data are summarized in Table II.  It can be seen that cerophyl" was effective 
at a  minimum of 10 per cent.  The activity of cerophyl was not removed by 
extraction with ether.  Fresh cabbage also was active although 10 per cent of 
the wet cabbage was not as potent as an equal weight of dried grass. 
DISCUSSION 
The  production  of  the  condition  by  an  analog  of  ascorbic  acid  and  the 
similarity of  the  symptoms to  those  seen in  scurvy constitute presumptive 
evidence that the condition produced by glucoascorbic acid is related to scurvy. 
The failure to cure it by administration of ascorbic acid, however, is puzzling. 
This failure may be related to the fact that mice and cotton rats synthesize 
ascorbic acid.  The fact that plant products which are antiscorbutic cure the 
condition raises the question whether there is present in these materials a sub- 
stance which is the next stage in the functioning of ascorbic acid in metabolism 
and which is necessary to prevent the condition.  Whether or not this is so, 
or whether the protective material present in these plant products bears any 
relation to ascorbic acid, can only be determined by isolation of the substance 
in pure form.  It is hoped that isolation of this substance will at least throw 
some light on the mode of action of ascorbic acid. 
3 Cerophyl is  a  specially  dehydrated  fresh  young  grass.  We  are  indebted  to 
Dr. G. O. Kohler of Cerophyl Laboratories, Inc., for this material. D. W. WOOLLEY  AND  L. O. KRAMPITZ  339 
SITM~RY 
The feeding of glucoascorbic acid, an analog of ascorbic acid, to mice and 
cotton rats caused the production of a condition exhibiting many of the changes 
characteristic of scurvy as seen in susceptible species. 
The condition was not prevented or cured by ascorbic acid, but was cured by 
removal of the glucoascorbic acid from the ration. 
The condition was produced in mice fed a highly purified ration.  It was not 
produced in mice fed a natural ration.  The presence of a substance in certain 
plant  products which  prevented  the  production of  the  condition was  dem- 
onstrated.  • 
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